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INTRODUCTION 

In  previous  reports  (1).  the  oxidation  of  aluminum 
in  contact  -with  mercuric  halides  has  been  studied,  and  the 
influence  of  relative  humidity  on  the  oxidation  rate  tvas 
noted-  In  this  report  period  the  Al-Hgl^  system  has  again 
been  used  for  continued  quantitative  measurements  of  the 
oxidation  rates.  The  rate  of  oxidation  of  ah^inum  in  air 
in  the  presence  of  Rgi>  has  been  studied  over  a  relative 
humidity  range  of  36.4-100^  at  a  constant  temperature  ox 
30®C.  A  great  increase  in  rate  of  raddation  has  been  noted 
in  the  60-805!  RH  range. 


i  ! 


DESCRIPTION  OF  APPARATUS 


The  apparatus  described  in  the  Seventh  Quarterly  Report  has 


been  further  modified  to  include  a  pressure  guage  (Fig.  1;  3).  which 


was  calibrated  against  the  mercury  mancmeter  (C).  This  bellows- 


type  guage  was  specifically  designed  to  measure  the  small  internal 


pressure  decrease  in  the  reaction  chanber;  atmospheric  pressure  was 


the  reference  point.  Once  the  guage  was  calibrated,  the  manometers 


were  disconnected,  and  the  system  resealed.  All  vaiues  of  AWr 


in  this  report  are  based  on  pressure  readings  obtained  b  '  this  gua^e. 


A  photograph  of  the  entire  apparatus  is  seen  in  r  igure  1.  The 


\acuum  pump  {J)  was  used  intermittently  to  check  the  system  for  small 


leaks.  A  detailed  diagram  of  the  reaction  chamber  (A)  may  be  found 


in  the  previous  reports  (1). 
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2XPER2.1ENTA1.  PROCSDURS 


Reynolds  99.999?»  aliimiiium  cylinders  1/2"  in  diameter  and  1/4” 
thick  were  degreased  in  acetone  and  ether.  Exposed  stirface  areas  of 
these  samples  measnred  approximately  1.25  cm2. 

The  oxidation  of  'che  aluminnm  samples  vras  initiated  by  the  attack 
of  Hgi^  v.-hich  wa-,  qnickiy  reduced  to  metallic  mercury.  The  manipulatiun 
of  the  apparatus  for  this  is  described  in  previous  reports(i).  Upon 
amalgamation,  the  oxidation  proceeded;  ♦he  -cate  being  greatly  determined 
by  the  relative  humidity  inside  the  rei*cti-..a  chamber.  The  desired  relative 
humidities  were  obtained  by  placing  various  saturated  s?-;'  solutions  in  *?ie 
reaction  chamber.  Both  thermal  and  bamidi*y  equilibrium  were  facilitated 
by  the  use  of  a  small  fan  which  maintained  the  internal  atmosphere  in  a 


coatintial  state  of  movement.  Upon  reachins  ectulibrium,  the  re&ction 
was  begun  as  described  above.  The  oxygen  consumed  during  the  reaction 
was  measured  by  the  decrease  in  pressitre  inside  the  chamber.  Since 
pressure  was  the  measured  parameter,  close  temperature  control  inside 
the  chamber  was  essential.  Temperatures  were  maintained  at  3C.  OC^C-l- 
0. 30  througbeut  all  the  eaqieriments.  Measurements  of  tims.  temneratore 
and  pressure  were  made  at  5  to  10  miuvice  int  'rvals  until  the  oxidaticc. 
slowed  or  completely  stopped.  Corrections  aecessitated  by  changes  in 
barometric  pressures  were  made. 

Values  of  Ap  in  mm  Hg  were  con'--erted  to  AWq^  in  mg/cin^  from 
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VM 

TTzolT" 


AP 
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the  following: 
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■where  _ remadned  constant  thrcughout  the  exDeriments.  Values  of 

1.25R 

_ V?  '.vere  plotted  vs.  time  for  each  expeiimcnt  and  the  slopes  of  the  linear 

portions  of  the  curves  ■were  determined. 

Several  saturated  salt  soluticns  and  the  associated  relative  humidities 
under  souilibriimn  conditions  are  listed  in  Table  A. 


Relative  Humidities  of  Several  Saturat-d  Salt 
Solutions  {4}  at  30' C 


Solution 

Distilled  •a.-ate-* 

{NH^)H2P0^ 

BaCl2-2H20 

(NH^),SO^ 

NaN03 

NaNG^ 

NaBr.2H20 


Nal.ZH^O 


R.H.(^) 


•'56.2 


^  -  SKtrapolated  value  {2),  (3),  {4) 


itlllfitaMIHwi 


RESULTS  AND  DISCUSSION 


Whereas  in  earlier  exneriments.  the  linear  portions  of  the 
oxidation  rale  curves  vrere  ns’iallv  oreceded  by  larsf-rate  induction  periods, 
in  the  present  experiments  no  great  induction  period  seenaed  to  exist  except 
in  one  or  tsro  cases  at  high  relative  humidities. 

3y  plotting  time  vs.  values  of  obtained  from  pressure 

readings,  each  rate  curve  exhibited  a  characteristic  linear  portion  from 
which  the  slopes  -crere  grapincally  deie-m ined.  The  slopes  of  the  linear 


portions  ot  me  •■ate  cui».cs  were  apn 


.•>ame  at  anv  narticular 


relative  humidity.  However,  as  the  relative  humidity  det.  eased,  the 
slopes  of  the  rate  curves  also  decreased.  The  slopes  of  the  rata  curves 
are  listed  in  Table  B,  with  the  existing  relative  humidities  obtained  from 
the  saturated  salt  solutions. 

At  low  relative  humldilies  RK  and  bi^ow),  the  extent  of 

oxidation  was  very  small,  and  the  associated  slopes  for  the  rate  curves 
could  only  be  determined  from  the  first  few  measurements  in  the  120 
minute  time  intervals. 

Figures  2  through  7  arc  rate  curves  for  experiments  at  IOC'a  R  H.  ; 
Figures  S  and  9  at  92.9f»  R.H. ;  Figures  lO  through  12  at  81. 1%  R.II. ; 
Figures  13  tiirough  16  at  72. 7%  R.H. ;  Figures  17  through  20  at  63%  R.H. : 
Figures  21  through  26  at  56.  Z%  R.H. ;  Figures  27  through  30  at  44.  R.H. 


Figures  31  and  32  at  36.4%  R.K.  Since  tin.  variation  in  the 


extent  ci 


mcidatian  was  wide,  three  different  scales  were  necessary  to  plot  accurately 


the  oxidation  time  curves. 


4. 


8. 

TA31S  3 


Values  ior  the  slopes  o£  osddatios  rate  curves  at  different 
relative  btimiciiies  a*  3‘3'C 


Sar--r_:ed  Salt  Relative  £:c.pe(m)  Ave.  Slope  (iL 

Solution  Used _ Humidity  (%) _ ingO^/cm~  ^min. _ mgOy/csa^/xain. 


Disiiiled  Water 

100 

*0. 630 

— 

St 

*0. 675 

SI 

^C.  640 

•• 

ts 

0. 570 

•• 

ts 

0.622 

0. 614 

ft 

tt 

0. 616 

tt 

0.591 

t: 

ft 

0. 567 

ft 

tt 

0. 466 

92.9 

0. 6u0 

0.583 

T.“ 

t*  - 

0. 566 

3aCi,.2H,0 

85 

*0.613 

?t  ** 

tt 

~0. 556 

0. 559 

St 

•t 

*e.565 

tt 

St 

*0.500 

{>m^)2SO. 

81.1 

*0.540 

St 

Si 

*0.515 

tt 

tt 

*0. 355 

0. 320 

tt 

SS 

0. 327 

ss 

St 

0.496 

IS 

f 

0.487 

NaCNOj) 

?2.7 

^0.425 

ts 

Tt 

■S0.429 

0.409 

TO.  400 

SS 

tt 

0. 3S1 

NaCXCb) 

63.0 

0.27G 

TS 

ts 

0.270 

TT 

ts 

0.^73 

0.271 

St 

tt 

0. 269 

Na3r.  ZH^O 

^  56. 2 

*0. 193 

ts 

tt 

*0.218 

IS 

tt 

0. 180 

SS 

IS 

0,200 

0.213 

ts 

0. 263 

11 

SS 

0.240 

St 

tt 

0.210 

ft 

tf 

0.235 

Table  3  {continued) 


Saturated  Sait 

Relativo’ 

Slope{m} 

Ave.  Slope 

Solution  Used 

Humidity 

mgO?  /cm^/min. 

mgO^  /cm^/m- 

CrOj 

44.  6 

0. 137 

•1 

It 

If 

If 

0. 130 

0. 139 

G.  136 

?f 

0.  138 

- y  ^ 

ll"* 

36.4 

C.  083 

0.076 

C.  08C 

*  Values  taken  Irora  Seventh  Quarterly  Report 

T  Short-terkn  oxidation 

^  Sbctrapolated  value  (2),  (3).  {4' 


The  influence  of  the  relative  humidity  on  the  oxi;— tion  rates  zs  easily 
noted  in  Figure  33,  where  the  average  values  of  the  different  slopes  are 
plotted  vs.  the  relative  buzsidities  at  which  the  slopes  were  determined.  The 
change  is  slopes  with  change  in  relative  humidity  has  the  appearance  of  a 
lazy -S  curve.  In  the  60>-75^o  R.  H.  range,  there  is  a  welt -deOscd  increase 
Lu  oxidation  rate. 

TSs.  ••  verage  values  for  the  slopes  at  high  %  R.  K.  {particularly  near 
100^  R.H. ),  as  well  as  the  wide  ranges  at  each  ^R.H,  leads  the  a-_ihors 
to  believe  that  the  gradual  taiiing-off  of  the  curve  was  due  to  the  ia-treasing 
difficulty  with  which  equilibrium  was  obtained.  It  is  believed  that  the  most 
likely  path  for  the  curve  to  follow  in  this  region  is  somewhat  higher 
shown,  and  should  approach  the  higher  limits  of  ther  individual  ranges. 

The  extent  of  oxidation  in  the  60-75^  R.  H.  range  indicated  a  more 
pronounced  increase  than  is  shown  by  m  values  in  Figure  33.  Vaziation  of 


mu 


-  /C  ^ 


oxygen -consuiaed  wit*'  %R.H.  during  a  150  minute  eifective  oxidation 
pence  'disregaiding  induction  neriods  and  by  extrapolation  of  the  AW  vs. 
iim-,  >-.*rves  for  rhort-term  reactions)  indicated  that  little  significaat 
oxidation  occurred  until  the  relative  humidity  reached  60^  R.H.  At 
approximately  60^0  R.K. .  the  amount  of  oxygen  consumed  suddenly  increased 
with  increasing  R.H. ;  i.  e.  at  40^  R-H.  an  average  of  only  7  mg  oxygen 
were  consumed  in  150  minutes,  whereas  near  100^  R.K.  approximately 
Si  mg  oxygen  were  consumed  in  the  same  period. 

A  tlme-iapse  lo  mm  movie  wv  ^  made  of  two  aluminum  samples 
simultaneously  oxidising  at  different  relative  humidities;  v.-e  sample  near 
SG^  R.H.  and  the  other  near  1005^  R.H.  Hven  thsush  there  was  a  noted 
difference  In  reaction,  a  more  striking  differeace  was  desired  for  the 
time-lapse  films.  This  will  be  accomplished  at  a  later  <^te  by  paotograph'Pg 
experiments  near  45^  R.H.  and  ICO?®  R.H. 

Preliminary  microscopic  investigatiens  at  room  conditions  on  »be 
oxicatioa  of  aluminum  Initiated  by  Hgi>  were  begun.  A  pousceu  aluminum 
sample  was  cemented  to  a  slide  and  observed  as  a  tiny  crystal  of  Hgl,  was 
brought  in  contact  with  the  sample.  The  reaction  appeaj^ed  le  talic  place  in 
several  steps.  First,  the  salt  seemed  to  react  instantly  causing  a  dark 
area  to  form,  which  in  turn  spread  rapidly  from  the  point  of  contact  over 
a  relatively  large  area.  Tins  dark  area  appeared  to  be  a  clear  liqtdd  un«er 
which  small  bubbles  of  gas  soon  developed  and  came  to  the  surface.  The 
length  of  time  this  gas  evolved  depended  on  whether  the  point  of  co-^tact  of 
the  salt  was  on  the  edge  of  a  sample,  or  on  a  fiat  surface  tar  removed  from 


J 


11. 

the  edge.  Gas  evolution  lasted  longer  when  the  salt  was  placed  in  the  central 
part  of  the  samnle. 

As  the  gas  evolution  diminished,  the  metallic  appearance  of  mercur- 
developed.  A  thin  layer  of  clear  liquid  still  covered  the  surface  of  the 
mercury  at  this  point.  Soon,  this  clear  liquid  disappeared  followed  by 
uniform  formation  of  a  Sim  over  the  sur£.-ce,  causing  the  metallic  luster  to 
be  dulled  greatly.  This  film  grew  more  and  more  opaque  imtil  the  presence 
of  the  white  oxide  was  apparent  as  the  film  thickened.  This  oxide  formation 
was  more  rapid  at  the  extremiSes  of  tb'  darkened  area ,  especially  if  the 
area  was  at  the  edge  of  a  sample. 
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SXPSRiMHNTS  pt  .a  w»--n  ?OR  THrl  NEXT  QUARTER 


The  objective  of  this  ‘i-ork  is  to  obtaia  as  full  <za  ucderstaadiii- 
r*o5Sifaie  of  the  a^celet-ared  oxidation  of  aiuiainum  in  the  presence  of  raercury. 
p.esearcb  reported  during  the  past  r*o  quarters  has  denaonstrated  the 
critical  role  playee  by  ivater  vapor.  As  a  step  to-wards  understanding  this 
critical  role,  it  is  nlanned  to  carry  out  ti-e  foUoiving  two  series  of  experiments . 

'  1 »  X-Ray  diffraction  studies  will  be  made  of  the  oandation  piwucct 
foT^-sa  at  different  relative  humitiities.  it  is  ^rcm  past 

itiicroscone.  electron  diffraction,  and  X-ray  diff'^act!'^ a  studies  ir.at  -ne 
^fodnct  forittec  at  anprcxtmatdy  32^1  relative  mnmdii.  h^s  a  —  *  ■  *1  particle 
size  and  yeilds  a  diffraction  pattern  typical  of  aincrphcus  materials.  It 
is  desired  to  determine  if  this  product  nas  a  similar  nen-crystalline 
nature  oa'er  the  entire  humidity  range.  A  few  diffraction  studies  will  also 
be  made  of  -h-e  oridatios  product  af*  '-r  aging  at  room  temperature  at  low 
■relative  humidity. 

{Zi  Chemical  studies  will  be  made  in  an  effort  to  determine  the 
amount  of  water  contained  in  the  cxidatiou  pri.cnct.  Such  smdtes  will  be 
verv  difScult  because  simple  heat  treatment  wiii  also  possibly  ~emorve  some 
mercury  traxwed  in  the  product  as  it  is  formed.  The  exact  procedure  to 
be  followed  will  be  based  on  preliminary  sjqreiiments  in  which  the  product 
will  he  heated  at  llO'C.  for  IS  hours  and  the  weight  loss  will  be  determined. 
Gravimetric  studies,  in  whith  the  product  -will  be  desiccated  at  room  tempera¬ 
ture,  viil  also  be  carried  out. 
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Qjiaiuxtat  .ve  experiin-=i.lj  ar.  the  rate  of  oxidation  of  aluminixm  ia 
the  presence  oi  HgL,  have  been  iiraiied  to  pure  aiurainiun.  A  few  studies 
ziv.  c=»Tried  out  during  the  next  quarter  on  less  pure  aluminum  and  on 
aiununura  aifcys. .  The  eA.ieE.i  oi  this  — ork  will  be  determined  by  preiimiaary 

•  eSUltS. 

it  1=  w-fclJ  hna-n  that  iron  has  a  mod^rrate  rate  of  sxidaticn  (or  rusting) 
13  highly  humid  atm^  inheres.  Daring  the  i-ext  quarter  preliminary  and 


qaal'-taiive  experiments  on  iron  will  be  begun  to  determine  the  rate  of 
rusting  oi  iron  in  humic  atmosple*’e^  'n  -he  i*resence  of  various  metal  salts. 
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